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wherein is the inner diameter of the annular secondary light source and d? is 
the outer diameter of the annular secondary light source. 
*3^3 (Twice Amended) A projection exposure apparatus comprising: 

an illumination optical system disposed on an optical path of light emitted by a 
light source so as to illuminate a mask, the illumination optical system including an optical 
system disposed in an optical path between the light source and the mask so as to form a 
variable annular illumination source, said optical system changing an annular ratio of the 
variable annular illumination source; and 

a projection optical system disposed in an optical path between the mask and a 
substrate so as to project an image of the mask onto the substrate; 

said projection exposure apparatus satisfying the following condition: 

0.45 < NA^/NAj^ < 0.8 

wherein NAj^ is the numerical aperture of said projection optical system, and 
NA? is the numerical aperture of said illumination optical system determined by the outer 
diameter of said variable annular illumination source. 

28. (Twice Amended) A projection exposure apparatu^comprising: 

an illumination optical system disposed in an optical path of light emitted by a 
light source so as to illuminate a mask, the illumination Optical system including an optical 
system disposed in an optical path between the ligh^ource and the mask so as to form an 
annular illumination source, said optK5^KgystemvChanging an annular ratio of the annular 
illumination source in accordanc^with a/6akern fjbrmed on the mask; and 

a projection optical jgystem disposed in an optical path between the mask and a 
substrate so as to project an igrage of the mask onto the substrate, said projection optical 
system including a pupiLaefining unit disposed within the projection optical system so as to 
define a pupil of tho^projection optical system. 
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application No. 09/320,472 
(Twice Amended) A projection exposure apparatus comprising: 
an illumination optical system disposed in an optical path between a light 
source and a mask so as to illuminate the mask; 

a projection optical system disposed in an optical path between the mask and a 
substrate so as to project an image of the mask onto the substrate; and 

an optical system disposed within the illumination optical system so as to form 
one of a circular secondary light source and an annular secondary light source selectively 
based on light from the light source, the optical system changing a size of the circular 
secondary light source and changing an annular ratio of the annular secondary light source. 
Q* (Amended) An apparatus according to claim 26, wherein said optical system 

includes an optical integrator and an optical element having a conical surface, disposed 
between said first light source and the optical integrator. 




^ *7*-93T (Amended) An apparatus according to claim 26, wherein said optical system 
satisfies the following condition: 

0.45 <NA 2 /NA 1 < 0.8 

wherein NA^ is the numerical aperture of said projection optical system, and 

NA 2 is the numerical aperture of said illumination optical system determined by the outer 

diameter of said annular secondary light source. 
— _ _ __ 

(Amended) An apparatus according to claim Sffl wherein said optical system 
changes the annular ratio of said annular illumination source in accordance with a pattern on 




said mask. 



■36 
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JtffT (Amended) An apparatus according to claim «95T wherein said optical system 
includes a plurality of annular stops having annular ratios that are different from each other, 
one of the plurality of annular stops selected in accordance with said pattern being disposed 
on said optical path. 
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97. (Amended) A projection exposure apparaftis comprising: 
^ an illumination optical system in which /n internal reflection type integrator is 

disposed on an optical axis to illuminate a mask witylight from a light source passing 
through the internal reflection type integrator; and> 

a projection optical system through \frhich light from the mask passes; 
said illumination optical systeffN^cludipg an optical device disposed on the 



Luair 
vmg 



optical axis to form a light intensity distribution havmg a substantially annular shape on a 
pupil plane of the illumination optical swem, the optical device being capable of changing at 
least one of the annular ratio, the oute/ diameter, and the inner diameter of the light intensity 
distribution in accordance with a pytern on the mask. 
Please add the following claims 98-132: 



*30 -jgfr. (New) An apparatus according to claim 26, wherein said optical system 
comprises a plurality of annular stops having annular ratios that are different from each other 
so as to set one of said plurality of annular stops in an optical path selectively. — 
-31 (New) An apparatus according to claim 26, wherein said optical system 

comprises a first optical element with a first conical surface, a second optical element with a 
second conical surface and a variable distance between said first optical element and said 
second optical element so as to change an annular ratio with respect to the annular secondary 
light source. — * 

— J*QtT, (Ne w) An apparatus according to claim-99", wherein said optical system 
further comprises an optical integrator disposed in an optical path between said second optical 
element and the mask. — — 

*3 7 - yHff . (New) An apparatus according to claim wherein said optical system 
comprises a first optical element with a first conical surface, a second optical element with a 
second conical surface and a variable distance between said first optical element and said 
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second optical element so as to change an annular ratio with respect to the variable annular 
illumination source. -- *j <^ 

— (New) An apparatus according to claim jKff , wherein said optical system 
further comprises an optical integrator disposed in an optical path between said second optical 
element and the mask. — 

(q 0»-- J&f . (New) A projection exposure apparatus comprising: 

an illumination optical system that illuminates a mask and comprising a light 
source including an excimer laser, and an optical system disposed in an optical path formed 
by the light source so as to form an annular secondary light source having a light intensity 
distribution with a substantially annular shape on a pupil of the illumination optical system 
and an deflection member disposed in an optical path between said light source and said 
optical system; and 

a projection optical system disposed in an optical path between the mask and a 

substrate so as to project an image of the mask onto the substrate; 

wherein said optical system changes an annular ratio with respect to the light 

intensity distribution. -- 

— 104 . (New) An apparatus according to claim 103, furttfer comprising: 

an optical integrator disposed in an optical E^ath between said optical system 

nd the mask, said optical integrator including aJkkpye type integrator or an internal 

reflection type integrator. — 

— 105 . (New) An apparatus according to cldim 103, further comprising a pupil 

changing unit disposed within said preelection optical system so as to define a pupil of said 

projection optical system and change a numerical aperture of said projection optical system. — 

Ks*** -^HjfT (New) An apparatus according to claim wherein said optical system 

includes a first optical element with a first conical surface that is disposed in an optical path 

between the light source and the mask, a second optical element with a second conical surface 
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that is disposed in the optical path between said first optical element and the mask, and a 

variable distance between said first optical element and said second optical element so as to 

change the annular ratio with respect to the light intensity dj^ibution. -- 

Q)~f- -J&f . (New) An apparatus according to claim LQfx further comprising a pupil 

changing unit disposed within said projection optical system so as to define a pupil of said 

projection optical system and change a numerical aperture of said projection optical system. — 
AO Wo 

— J£f£ (New) An apparatus according to claim*K& wherein said optical system 



further comprises an optical integrator disposed in an optical path between said second optical 
element and the mask. — ^ 

rq 

-fcKTff. (New) An apparatus according to claim^OS, wherein said illumination optical 
system satisfies the following condition: 
1/3 <d ,/d z <2/3 

where d^ is the inner diameter of the annular secondary light source and d? is 
the outer diameter of the annular secondary light source. — — 

70 

-* *frT(T . (New) An apparatus according to claim j-Q?, wherein said optical system 
changes the annular ratio with respect to the annular secondary light source under a high 
illumination efficiency. — 

7/ 70 

-J+l. (New) An apparatus according to claim-Ht), wherein said optical system 
includes a first optical element with a first conical surface that is disposed in an optical path 
between the light source and the mask, a second optical element with a second conical surface 
that is disposed in the optical path between said first optical element and the mask, and a 
variable distance between said first optical element and said second optical element so as to 
change the annular ratio with respect to the light intensity distribution. — 

72- 7/ 

-« j*t2 r . (New) An apparatus according to claim 444? wherein said optical system 
further comprises an optical integrator disposed in an optical path between said second optical 
element and the mask.— 
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113 . (New) A projection exposure apparatus comprising: 

an illumination optical system disposed in an optical path of light emitted by a 
light source so as to illuminate a mask, said illumination optical system including an optical 
system disposed in an optical path between the light source and the mask so as to form a 
variable annular illumination source^said gfrticefl system changing an annular ratio with 
respect to the annular illuminati^^sourcd 

a projection optical system disposed in an optical path between the mask and a 
substrate so as to project an image of the mask onto the substrate, said projection optical 
system including a pupil defining ynit disposed within said projection optical system so as to 
define a pupil of said projection /ptical system. — 

f*0 -^H*C (New) An apparatus according to claim ,H"5, wherein said optical system 
changes the annular ratio with respect to the annular illumination source under a high 
illumination efficiency. — 



76 

(New) An apparatus according to claim--ff4, wherein said optical system 



comprises a first optical element with a first conical surface that is disposed in an optical path 
between the light source and the mask, a second optical element with a second conical surface 
that is disposed in the optical path between said first optical element and the mask, and a 
variable distance between said first optical element and said second optical element so as to 
change the annular ratio with respect to the annular illumination source. — 

- yi*f5 . (New) An apparatus according to claim ^5, wherein said optical system 
further comprises an optical integrator disposed in an optical path between said second optical 
element and the mask. — 

—}*¥f . (New) An apparatus according to claim*H4, wherein said pupil defining unit 
comprises an aperture stop unit changing the pupil of said projection optical system. — 

90 Tt 

->H"8. (New) An apparatus according to claim -H*7, wherein said aperture stop unit 
comprises a variable aperture stop. — 
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-- X%& - (New) An apparatus according to claim J-rt, wherein said projection optical 
system has a numerical aperture not less than 0.4 at a side of the substrate. -- 

— 120 . (New) An apparatus according to^rtaim 28, wherein said pupil defining unit 
comprises an aperture stop unit charreirarfhe pupil of said projection optical system.-- 

— 121 . (New) An appararffls according to claim 120, wherein said aperture stop unit 
comprising a variable apggrore stop. -- 

— 122. (New) An apparatus according to claim 121y&herein said projection optical 
system has a numerical aperture not less than 0.4 at a skfe of the substrate. -- 

— 123 . (New) An apparatus according tq<flaim 28, wherein said optical system 
comprises an optical integrator and an aperftfre stop unit disposed in an optical path between 
said optical integrator and the m^k\th^al3ierture stop unit includes a circular opening and an 
annular opening so as to selectively form yne of a circular illumination source and the annular 
illumination source. -- 

— 124 . (New) An4pparatus according to claim 28, wherein said optical system 
changes the annular rfflio with respect to the annular illumination source under a high 
illumination efficiency. -- ✓ 

-- (New) An apparatus according to claim-i^gf, wherein said optical system 
comprises a first optical element with a first conical surface that is disposed in an optical path 
between the light source and the mask, a second optical element with a second conical surface 
that is disposed in the optical path between said first optical element and the mask, and a 
variable distance between said first optical element and said second optical element so as to 
change an annular ratio with respect to the annular illumination source. -- 

-*i%6. (New) An apparatus according to claim i-25T wherein said optical system 
further comprises an optical integrator disposed in an optical path between said second optical 
element and the mask.-- 
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127 . (New) An apparatus according to claiufi 29, wherein said optical system 
comprises an optical integrator and an aperture stop disposed in an optical path between the 
optical integrator and the mask, the aperture stop unit includes a circular opening and an 
annular opening so as to selectively form q/ie of the circular secondary light source and the 
annular secondary light source. 

— 128 . (New) An^apparatHs^ccordihg to claim 29. wherein said optical system 
comprises a first optical element/with a fiVst conical surface that is disposed in an optical path 
between the light source andine mask, a second optical element with a second conical surface 
that is disposed in the optical path between said first optical element and the mask, and a 
variable distance between said first optical element and said second optical element so as to 
change the annulapratio with respect to the annular secondary light source. — 

5? 53 

'—¥2$. (New) An apparatus according to claim*97: wherein said optical device 
comprises a plurality of annular stops having annular ratios that are different from each other 
so as to set one of said plurality of annular stops in an optical path selectively. — 

55 S3 

-*+3tT (New) An apparatus according to claim *97t wherein said optical device 
changes the annular ratio with respect to the light intensity distribution under a high 
illumination efficiency. -- 

-•4-3T. (New) An apparatus according to claim -HfrO, wherein said optical device 
comprises a first optical element with a first conical surface, a second optical element with a 
second conical surface and a variable distance between said first optical element and said 
second optical element so as to change the annular ratio. -- 

57 SG 

-tAt^T. (New) An apparatus according to claim*43"l , wherein said optical device 
further comprises an optical integrator disposed between said second optical element and the 
mask.— 



